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ABSTRACT: Traditional roll forming is an open loop system in which changes are only made after 
shutting down the line when some defect becomes apparent in the formed product. Defects that become 
apparent during a run could be due to changes in incoming material such as a change in yield stress. If this 
could be sensed at some point in the process, it would be possible to have some part of the roll setting 
changed on-line to compensate for this and eliminate the defect. Systems of this kind are common in, for 
example, gauge control in multi-stand strip rolling. They depend on having models (always simple and often 
quite approximate) within the control system that relate changes in input variables to changes in the output 
product.
In this work, a start is made to develop such a system for roll forming by investigating experimentally the 
relation between yield strength in the incoming strip with the defect of bow in roll forming a simple channel. 
Dual phase and galvanized strip having very different yield strengths were roll formed using two different 
flange lengths. The roll force and torque at one stand were measured and an empirical relationship 
established between these parameters and, on the one hand, the yield strength of the incoming strip and, on 
the other hand, the longitudinal bow in the product. The longitudinal strain at the edge of the strip was also 
measured during the forming and it was found that the peak value of strain increased with material yield 
strength and it was decreased with flange length in the product.    
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1 INTRODUCTION
Roll forming is an established process for long
parts with complex cross-section and is suitable for
high strength strip of limited formability. It is used
increasingly in the automotive industry for 
structural and crash components from Advanced 
High Strength (AHSS) and Ultra High Strength 
Steels (UHSS)[1].
The major defects in roll forming are incorrect 
shape caused by elastic recovery after forming e.g. 
springback, curl, bow or twist[2]. These defects are 
known to depend on the behavior of the material 
near to the yield. In AHSS and UHSS, small 
processing variations can lead to significant 
changes in material yield from coil to coil requiring 
adjustment of line settings causing lengthy set up 
times and reduced productivity[2].  Therefore this 
study is predicated on the concept that a feed-back 
control system could be developed for roll forming 
in which line settings would be automatically 
adjusted on the basis of changes measured during 
the process, particularly changes in roll force and 
roll torque. A diagram of such a system is given in 
Fig.1. The sensor measures a specific shape 
parameter of the out coming product and compares 
this with a set process value to calculate the level 
of shape defect. This is the input to the control 
system and the process settings will be changed 
inside the roll former according to the output of the 
controller.
Fig.1 Closed loop control system
To develop this control system it is necessary to 
know the relationship between the measurable 
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variables such as roll load and torque and the 
particular shape defect that is measured by the 
sensor. The work presented here is a first step 
towards the development of this control system. 
Roll load and torque are measured at one roll stand 
during the roll forming of a simple channel. Two 
strips of different flange lengths and two materials 
of different yield stress are roll formed and 
empirical relations between load and torque and the 
measured bow in the final product are determined. 
A relationship among roll load , material properties 
and the geometrical parameters was given by 
Bhattacharyya et.al[3]; an equation for the roll load 
of a U-section was obtained by considering the 
transverse bending, stretching and the longitudinal 
bending. They found that roll load is a function of 
yield strength, thickness of the material, flange 
length of the profile and the bending angle; there 
was about 0-20% mismatch between the 
experimental results and their model. Later 
Lindgren[4]experimentally obtained  two equations 
for roll load and torque which showed that they are 
functions of all of the above parameters except the 
flange length. Up till now there have not been any 
studies that have linked changes in roll load or 
torque to changes in final shape or forming defects.
In this paper the measured roll load and torque are 
related to the amount of longitudinal bow in the 
roll forming of a simple channel; this could be used 
eventually to introduce a bow compensation 
technique for the process.
2 EXPERIMENTAL SETUP
The experimental setup consists of a 3 station 
laboratory roll former with roll load and torque 
measuring equipment. The roll torque is measured 
at the bottom roll of the second station by a 
rotation torque transducer. The roll load is 
measured at the same stand by a shear web 
compression load cell. The strips were bent to 30
degrees without any lubricant and the bending 
progression was 0-20-30 degrees as shown in the 
flower pattern in Fig. 2 and the profile dimensions 
are given in the Table 1. The station distance was 
set to 400mm and the roll forming tools were 
designed according to the constant radius bending 
method with a bending radius of 2.4mm.
Fig.2 Flower diagram
Table 1 profile dimensions
Strip 
width(mm)
Flange 
length(mm)
Web 
length(mm)
150 59 27
75 22 27
Strips of 1 meter Dual Phase 780 (DP780) and 
galvanised mild steel (specified as Galvabond by 
the supplier) were used for the trials and the 
properties are given in the Table 2.
Table2: Material Properties
The longitudinal strain on the top surface at the 
edge of the middle of the sheet was measured in 
every sample using electrical resistance strain 
gauges. The location of the strain gauge is shown 
in Fig. 3.
Fig.3 Location of the strain gauge
The roll load and torque were measured during 
forming at the second forming station using the 
load cell and the torque transducer described 
above. The outer surfaces of the roll formed parts 
were scanned using the ‘ExaScan’ 3D scanner and 
longitudinal bow was evaluated using the analysis 
software called ‘Geomagic’.
The longitudinal bow was defined as the vertical 
height deviation of the roll formed product along 
the middle of the web as shown in Fig.4.
Fig.4 Longitudinal bow height measuring technique
3 RESULTS
The distribution of longitudinal edge strain during 
forming is shown for both materials and the two 
flange lengths in Fig. 5 and Fig. 6 respectively.
It can be seen that the peak longitudinal edge strain 
is higher in the DP780 compared to the galvanized
steel for both flange lengths. Also the peak value 
increases when the flange length decreases for both 
materials which corresponds to the experimental 
results obtained by Fong [5].The permanent edge 
Material Thickness
(mm)
Yield 
strength
Rp0.02 (MPa)
Strain
at yield
(m/m)
DP780 1.97 580 0.0030
Galvanized 1.95 215 0.0014
Flange 
Web 
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strain after forming is close to zero for both 
materials formed with a 150mm strip width (Fig.5).
Despite this longitudinal bow can be observed in 
the part after forming. The defect is possibly due to 
the difference in longitudinal strain between the 
edge and the web of the part [6]. After forming the 
75 mm strips, for both steels, a permanent 
longitudinal strain remains in the edge (Fig.6) and 
this leads to significantly higher bow in the 75 mm 
wide (22mm flange length) strip compared to the 
150 mm wide strip (59mm flange length). This
agrees with the finding of Fong [5], which revealed 
that bow increases with decreasing flange length. 
The galvanized steel shows significantly higher 
permanent strain in the edge compared to the 
DP780 steel for a 22 mm flange length (Fig. 6),
which is almost four times higher compared to the 
DP780 steel. It can also be seen that longitudinal 
bow decreases with material yield strength for both 
flange lengths (Fig.7 and Fig.8) formed.
The measured roll load and toque at the 2nd station 
for both materials is shown for a strip width of 
150mm (59mm flange length) in Fig.9 and Fig.10
respectively.
Fig.5 Variation of longitudinal edge strain for 
150mm wide strips
Fig.6Variation of longitudinal edge strain for 75mm 
wide strips
Fig.7 Longitudinal bow height variation of the roll 
formed parts with 75mm wide strips
Fig.8 Longitudinal bow height variation of the roll 
formed parts with 150mm wide strips
Fig.9 Variation of roll load while roll forming 150mm 
wide strips
Fig.10 Variation of roll torque while roll forming 
150mm wide strips
Both the roll load and torque are significantly 
higher for the forming of DP780 compared to
galvanized steel which is not surprising given the 
higher material strength of the DP780 (Table 2). A
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similar result was observed for the forming of the 
lower flange length. Comparing Fig. 9 and 11 it 
can be seen that the roll load decreases with the 
flange length formed and the same trend was 
observed for roll torque(Fig.10 and 12). Similar 
observations were reported by Bhattacharyya et.al
[3] for the roll load. All the key parameters 
investigated in this study are shown in Table 3
together with roll load calculations made using 
Bhattacharyya’s equations published in [3]. There 
is a good agreement with his model for DP material 
with 150mm wide strips and other strips have 20% 
to 30% error.
Table 3 shows that as the material yield strength 
increases roll load and torque also increase and the 
maximum longitudinal bow decreases.
It has been revealed previously that roll load and 
torque  have a linear relationship with material 
yield strength [3] and a similar trend was observed 
in this study. Previous studies further suggested 
that there is an almost linear relationship between 
longitudinal bow and material yield [7] and this 
study has shown that this relationship depends on 
the part shape (flange length) that is formed. This 
suggests that there is a direct relationship between 
roll load, torque and longitudinal bow which 
depends on cross sectional shape. Based on this 
assumption two graphs can be obtained that relate a 
change in bow height to a change in forming load 
and torque as it is shown in Fig.13 and 14.
This relationship can potentially be used to predict 
the amount of longitudinal bow depending on the 
forming load or torque at the second station and 
through that may allow adjusting the settings of the 
roll former accordantly to compensate for shape 
defects. A special roll stand will be developed and 
it is planned to position this after the last forming
Fig.11 Variation of roll load while roll forming 75mm
wide strips
Fig.12 Variation of roll torque while roll forming 
75mm wide strips
station to compensate for the bow based on the 
measurement of roll load and torque
Table 3 Summary of results
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Material Strip width(mm)
Peak 
strain(m/m)
Roll 
load(kN)
Roll Load from 
Bhattacharyya’s 
equation(kN)
Roll 
torque(Nm)
Maximum 
bow(mm)
DP 150 0.0073 6.0 6.2 74 1.5
Galvanized
steel 150 0.0058 3.2 2.3 32 3.7
DP 75 0.0107 5.0 3.8 50 10.2
Galvanized
steel 75 0.0094 1.8 1.4 16 13.3
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Fig.13 Variation of maximum longitudinal bow with 
roll load.
Fig.14 Variation of maximum longitudinal bow with 
roll torque
4 CONCLUSIONS AND FUTURE 
WORK
From this study following conclusions can be made
• The peak longitudinal edge strain
increases with material yield strength.
• Longitudinal bow decreases with
increasing material strength. 
• The effect of yield strength on bow is 
higher if smaller flange lengths are formed.
• Roll load and torque increase with 
material yield strength and the flange length of the 
part formed.  Linear relationships between roll 
load, torque and the maximum bow height can be 
established. Those depend on the part shape (flange 
lengths) that is formed.  
It is planned to investigate the effect of yield 
strength and bow for additional material types and 
parts shapes to verify the linear relationship
between roll load and torque and the maximum 
bow height established in this study. 
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